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Abstract—Soft robotic hands and grippers are increasingly at-
tracting attention as a robotic end-effector. Compared with rigid
counterparts, they are safer for human-robot and environment-
robot interactions, easier to control, lower cost and weight, and
more compliant. Current soft robotic hands have mostly focused
on the soft fingers and bending actuators. However, the palm is
also essential part for grasping. In this work, we propose a novel
design of soft humanoid hand with pneumatic soft fingers and
soft palm. The hand is inexpensive to fabricate. The configuration
of the soft palm is based on modular design which can be
easily applied into actuating all kinds of soft fingers before. The
splaying of the fingers, bending of the whole palm, abduction
and adduction of the thumb are implemented by the soft palm.
Moreover, we present a new design of soft finger, called hybrid
bending soft finger (HBSF). It can both bend in the grasping axis
and deflect in the side-to-side axis as human-like motion. The
functions of the HBSF and soft palm were simulated by SOFA
framework. And their performance was tested in experiments.
The 6 fingers with 1 to 11 segments were tested and analyzed.
The versatility of the soft hand is evaluated and testified by
the grasping experiments in real scenario according to Feix
taxonomy. And the results present the diversity of grasps and
show promise for grasping a variety of objects with different
shapes and weights.
Index Terms—Soft robotic hand, Human-inspired Soft Palm,
Grasping
I. OVERVIEW AND MOTIVATION
HANDS or grippers are essential component for roboticmanipulation as they handle objects with certain posi-
tions, orientations and contact forces. They serve as the end-
effector interfacing between target objects and robots. Dexter-
ous grasping is a prerequisite for task-dependent manipulation,
which requires the consideration of important factors such
as the interaction-force, stiffiness/compliance, dexterity and
number of degrees of freedom [1].
Conventional rigid robotic hands for industrial applications
are generally able to provide high accuracy in position thanks
to their sophisticated actuation and sensing mechanisms. How-
ever, it is hard to control the contact force between the rigid
hand and objects as the rigid structure driven by electrical
motors commonly generates large contact forces. In real-
world scenarios, usually, we require grippers to manipulate
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Fig. 1: The soft humanoid hand and the grasping objects used in this work.
objects with uncertain shapes, sizes and poses in uncertain
environments [2]. Moreover, when the targeted objects are
fragile or delicate, large contact forces can deform or even
damage the objects. Another drawbacks of these rigid hands
lie in their heavy weight and high cost. Thus, the applications
of soft robotic hands with passive compliance have attracted
attention for an inherently safe and adaptive contact. Soft
robotic hands not only can easily adapt to objects of various
shapes and sizes, but also can perform a self-adaptive contact
without the need of sophisticated control as rigid hands.
Furthermore, their soft nature helps to minimize the damage
to the manipulated objects.
Soft bending actuators, used as fingers, are the main com-
ponent of soft robotic hands/grippers. They can be sorted as
different types, such as fluidic elastomer actuators (FEAs),
cable-driven actuators, shape memory alloys (SMAs), electro-
magnetic/magnetic actuator [3]. Amongst these, FEAs have
achieved particular sizable push toward the utilization of
compliant hands. FEAs are mainly made of silicone rubber
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2Fig. 2: The proposed pneumatic soft humanoid hand with dexterous palm. (a) Illustrates the 3D model of our hand. (b) Shows air chambers: the red parts
show the inner distribution of the air chambers, which will be pressurized based on SoftRobots plugin. (c) The soft robotic hand prototype.
and driven by pneumatic or hydraulic. The pneumatic type
of FEAs are known as soft pneumatic actuators (SPAs). The
most popular SPAs are the pneumatic networks (Pneu-nets)
bending actuators designed by Whitesides et al. [4] and fibre-
reinforced actuators designed by Galloway et al. [5]. Pneu-nets
is bonded by 2 layers: the silicone-based top layer containing
numerous chambers inside (like networks) and the inextensible
bottom layer. When the actuator is inflated, the top layer
will extend, and the actuator will achieve a bending motion.
Fibre-reinforced actuator comprises an extensible chamber, an
inextensible layer and fibres. Its bending mechanism is similar
to the Pneu-nets actuator. The fibre-reinforcement is used to
limit the chamber in axial extension instead of useless radial
expansion. Both types are simple in design, effective and easy
to fabricate.
In literature, there are different design and application for
soft robotic hands based on Pneu-nets bending actuator [6],
[7], [8], [9] and fibre-reinforced actuator prototypes [1], [2],
[10], [11], [12], [13], [14]. However, compared with each
other, Pneu-nets actuator has a lower capacity of input pressure
due to its total soft top layer under the same wall thickness,
which limits its maximal grasping force. In addition, fibre-
reinforced actuator has a lower bending efficiency, which
limit its bending angle under the same pressure. In order to
overcome the shortcomings of them, in this paper, we design
a novel hybrid bending soft finger (HBSF) by integrating the
inner chambers network structure inspired by Pneu-nets with
fibre-reinforcement method.
Recently, there have been rapid developments on soft
robotic hands and grippers. However, most of them focus
on the study of soft fingers and overlook the importance of
the palm. The fingers were usually assembled together and
fixed in a rigid palm or basement. However, the palm plays
a considerable role in the grasping functioning. The fixed
position of fingers will greatly limits the grasping scope and
pose of the hands.
In order to achieve a dexterous manipulation, we refer to the
postural variability of the hand: the higher this variability, the
more dexterous we consider a hand (for example of grasping
postures referring to the grasp taxonomies purposed by Feix
et al. [15]). Robotic hand with a changeable palm can adjust
the position and orientation of fingers, which can significantly
improve the postural flexibility of a robotic hand in terms of
sizes and shapes of objects which can be grasped. Sun et al.
[8] presented a flexible robotic gripper with a rigid changeable
palm. The distance of the fingers can adjust using slider
and beam mechanism. An opposable thumb is important and
useful to achieve dexterity in robotic hand. However, the rigid
changeable palm can only change the position of the fingers.
RBO hand 2 [1] has a soft palmar actuator for enabling thumb
abduction. They proposed a new PneuFlex actuator with fiber-
reinforcement as the soft fingers. In addition, they also use
two connected PneuFlex actuators as the base of the thumb to
achieve the dexterity of the thumb. The other four fingers were
fixed on a 3D-printed scaffold. The assembly angle between
thumb and the other four fingers is about 120◦, instead of a
plane. The soft biomimetic prosthetic hand developed by Fras
et al. [11] presents a similar design of the thumb abduction.
They used the PneuFlex actuators as in [1]. They applied one
for the thumb and two for the palm. The exoskeleton for fixing
the soft actuators is deformable and based on a 3D scan of
a real human hand. Both hands have soft actuators for thumb
abduction. However, the palm motion for the other four fingers
were ignored. The four fingers of their hands can only bend
to a certain direction. In contrast of [1] and [11], in order to
augment the human-like palmar function of the soft hand, we
present a pneumatic soft humanoid palm that can help thumb
abduction, the four other fingers splay and palm bend.
In this paper, we propose a compact hybrid solution of soft
humanoid hand, as shown in Figure 1. For the sake of clarity,
the main contributions of this paper are:
– A novel design of hybrid bending soft finger (HBSF)
by integrating the inner chambers network structure with
fibre-reinforcement method.
– A novel design of pneumatic soft humanoid palm.
The soft robotic hand is made of soft materials only. The
HBSF can robustly grasp a variety of objects with different
weights, sizes, shapes and stiffness. The soft humanoid hand
consists of 5 soft pneumatic fingers and 2 parts of the soft
3palm, which are all independent and assembled together using
silicone connections.
II. DESIGN AND SIMULATION
A. Soft hand
The design of soft hands/grippers can be divided into two
main morphological types: the anthropomorphic hands and the
grippers with several spatially evenly distributed fingers. For
our hand, we choose an anthropomorphic design in shape with
a new dexterous soft robotic palm. Figure 2(c) presents the
prototype of the soft humanoid hand, which has a weight of
only 300 g and is about 1.2 times the size of a typical human
hand.
As shown in Figure 2(a), the soft humanoid hand in this
paper has three functional components: finger, palm part A and
palm part B. All these components are actuated pneumatically.
The fingers are designed to grasp, grip and manipulate targeted
objects through bending in the grasping axis and deflecting in
the side-to-side axis. The five fingers of the hand are sorted as
thumb and four planar fingers (index, middle, ring and little
finger). Palm part A is used to splay the four planar fingers,
which extend the distance between fingers and enlarge the
grasping scope. Palm part B achieves two functions: palm
bending and thumb abduction and adduction.
Simulation was conducted to guide the design and to ensure
the proposed design can work as intended in real-time. We
used finite element modeling (FEM) to simulate and analyze
the whole soft hand by following the analysis in [17]. The
simulation in real-time was implemented in SOFA framework
[16] with SoftRobots plugin [18]. The mesh file of the soft
hand consists of 40316 tetrahedra and 11894 nodes.
B. Soft finger
1) Function: In this work, we aim to develop a humanoid
pneumatic soft hand with dexterous soft fingers. Among the
five fingers, the functions of the thumb, index and middle
fingers are the main ones for grasp manipulation, while ring
and little finger are usually play an assistant role. Index and
middle fingers have two functional goals: bending in the
primary grasping axis (toward the soft palm) and deflecting
from side to side (perpendicular to the primary grasping
direction). The function of the ring and little fingers in this
work is only bending motion.
Bending motion is the basic and main function for grasping.
The bending angles are set to about 180◦like human fingers.
Side-to-side deflection motion is also useful and necessary to
preform splaying and gripping between two adjacent normal
planar fingers and rotatory movement of the object among
three fingers’ grasping.
2) Design: The soft hand fingers, which are able to both
bend and deflect, are made of HBSF based on a modular
approach. HBSFs are used for the thumb, index and middle
fingers. The structure of the 3 fingers is identical in shape with
a length L of 90 mm, while the thumb is 20 mm shorter than
the index and middle fingers. The structure of ring and little
fingers is a simplified version of HBSF, which can only bend
to the main direction. The two side by side chambers in one
segment of HBSF was omitted into one chamber.
In this work, the HBSF combines the advantages of
Pneu-nets bending actuators [4] and fibre-reinforced actua-
tors [5]. About the configuration, we refer to the humanoid
morphology of the soft fingers in Deimel et al. [1]. As
shown in Figure 3(a), the main body of HBSF consists of
silicone materials, a strain- limiting layer in inextensible but
flexible materials (silk screen) in its bottom, and the fibre-
reinforcement thread. The strain- limiting layer determines the
bending motion of the finger. And the fibre-reinforcements can
protect the silicone-based chambers from excessive expansion.
The tubes are used to pressurize the air cavities inside
fingers. A flex sensor (Spectra Symbol FS-L-0095-103-ST)
is glued to the bottom flat face. The structure of the HBSF is
like a bellow. From the sectional drawing in the bottom plane
in Figure 3(b), the most recent version used in index/middle
fingers has 11 short bellows (called as 11 segments in this
paper) with a wall thickness t = 2 mm. The two sections of the
finger are shared with the same length, which means l1 = l2.
The little gap between segments a is equal to 1 mm, which is
limited by the thin-wall strength of the 3D printed molds. The
distance between each short bellows b is the key parameter,
which will affect the bending and deflection performance of
the HBSF. A HBSF is divided into four air cavities.
3) Simulation: Figure 3(c)-(i) present the simulation results
of the soft fingers. Because the SOFA framework is developed
for simulation in real-time, the fibre-reinforcement structure is
so thin to mesh it into element based on the FEM. Thus, it is
omitted in the simulation. As a result, the input air pressure
in SOFA simulation cannot fit the capability of the HBSF in
real-world, which limits the bending angle of the fingers in
the simulation results.
The fingers’ deflection enables several useful collaborative
motions between the index and middle fingers. Although the
motions in Figure 3(f) and (g) cannot work as a gripper due
to the limitation of the low stiffness of the soft fingers in the
side-to-side axis, they play a key role in achieving the Feix
[15] grasp postures 14, 17, 20, 21 and 23 in Figure 10.
In addition, the deflection of the thumb acts similar to the
functions shown in Figure 3(h) and (i). The thumb deflects
toward the palm for grasping small objects, while deflects
away from the palm for grasping bigger objects.
C. Soft palm
1) Function: For human hand grasping, the palm always
collaboratively works with the fingers to implement all kinds
of manipulation. In this paper, the functions of the soft palm
is inspired from human palm motion, which include three
main functions: thumb abduction, four planar fingers splaying
and palm bending. A key feature of the human hand is the
thumb abduction and adduction. This feature allow the thumb
to rotate and has a proper position and orientation with respect
to the manipulated object, which is essential of grasping.
The splaying of the four fingers enlarges the capability
of grasping different size objects. By increasing the angle
between the adjacent fingers, the contacting force from the
4Fig. 3: The structure of the HBSF. (a) The schematic illustration of the components of HBSF. The fibre-reinforcement structure is presented by the thin raised
features on the main body’s surface. (b) The sectional drawing (bottom view). The red chambers in (c)-(i) present the pressurized actuators in SOFA [16]. (c)
The original morphology. (d) Pressurize the 2nd section of the index and middle fingers. (e) Pressurize the two sections together. (f) Deflection of two fingers
to enlarge the grasping region. (g) Deflection of two fingers to decrease the gap between them. (h)-(i) Deflection of two fingers to achieve their wiggling to
the left and to the right.
four planar fingers will evenly distributed on the objects and
it also make it possible to grip larger objects using two
adjacent fingers. The bending of the whole plane of the palm is
beneficial to facilitate the grasping of smaller objects. Without
the help of palm bending, the thumb of soft hand cannot touch
the other fingers even all the fingers are pressurized under the
highest pressure and bending with 180◦.
2) Design: The method of modular design are applied in
the design of soft palm. The three functional goals are divided
and embedded into two parts: palm part A and B, as shown
in Figure. 4. The structural design of both two parts are
inspired by the mechanisms of Pneu-nets actuators, consisting
of networks-like chambers inside the silicone body and the
strain-limiting layer on the bottom.
Palm part A achieves the splaying of the four planar fingers,
while part B implements the abduction of the thumb and
overall bending of the palm. Instead of bending as Pneu-nets
actuators, the palm part A splays the four planar fingers with
a small hump after pressurized. As shown in Figure 4(a), the
main body has four air chambers to be actuated. The four large
groove in front are used to fix the four fingers. The bottom
cavity is designed to arrange the pneumatic tubes and sensor
wires inside the hands. As for part B, the bending motion of
the palm is achieved by enlarging the horizontal width of the
Pneu-nets actuator. The width of the air chambers along the
palm were designed as wide as possible to generate enough
force to bend the palm with four planar fingers. The tubing
tunnel connecting with the bottom cavity in part A is used to
run the tubes and lines through the palm.
The soft palm uses the same key geometric parameters
with the soft fingers, such as the wall thickness t and the
little gap between segments a. The stiffness of the palm for
enabling a reliable support for the other fingers is considered
and simulated in SOFA framework. In addition, the humanoid
appearance design were implemented at last, after ensuring
the soft actuators work as intended and it will not affect the
performance of the pneumatic actuators.
3) Simulation: Figure 4(b) and (d) present the simulation
results of the two parts of the soft palm. The three functions
of the palm can be clearly detected through the comparison
of each actuators before and after being pressurized.
III. FABRICATION
A. Actuator body molding
The soft body was fabricated using the silicone rubber
(Dragon Skin 10 Medium) by Smooth-On (Sil-Poxy) with a 10
Shore-A hardness. Parts (A and B) were mixed (1:1 ratio) in a
plastic cup and then put into a vacuum chamber. Using vacuum
pump, the air trapped in mixed silicone materials will expand
to bubble and finally collapse under about 0.9 bar vacuum
pressure. Afterward, the silicone material was poured into the
molds as described in Step 1 and 2 of finger and palm parts in
Figure 5. The molds are generally left in an upright position
to cure for five hours at room temperature.
B. Strain-limiting layer sealing
The strain-limiting layer is used to ensure the actuators
bending in the desired direction during pneumatic pressuriza-
tion [4]. Its material is silkscreen fabric. It is placed in the
5Fig. 4: The structure and simulation of the soft palm. (b) and (d) Show a
comparison of the palm actuators under inflation and deflation states. The red
chambers in (b) and (d) presents the pressurized actuators in SOFA.
bottom mold of the Step 2 in Figure 5 and glued together
with the bottom sealing portions of all three components.
Subsequently, the fabrication of the main body of the actuators
is finished and the chambers inside the silicone body are all
sealed. It is noted that the Step 3 of Palm part B does not
need molds. As shown in in Figure 5(h1)-(h2), the silkscreen
fabric is added manually in the reserved gap. Then, after
pouring silicone into the gap and curing, the silkscreen fabric
is combined with the main body.
C. Assembly
Figure 5(d1)-(d4) shows the main procedure of the hand
assembly. There are five soft fingers and two soft palm parts
in this hand. We used the same silicone materials to bond
different components together by manually pouring liquid
silicone on their connecting surface. As shown in Figure 5(d1),
the end of four planar fingers is fixed on the large groove
mentioned in Section II-C2. The tubes of each finger are
arranged into the bottom cavity inside the palm part A.
Figure 5(d2) presents the assembly result of the palm part
B and a soft-rigid hybrid support. The support consists of
silicone skin fitting with the shape of the palm part B and
the rigid 3D-printed skeleton inside. All the pneumatic tubes
will go through the support and run out the hand together.
The yellow 3D-printed skeleton of the support is used as the
base to fix the hand with the robot arm. As a result, the three
parts in Figure 5(d1)-(d3) are assembled together into a soft
humanoid hand, as shown in Figure 5(d4).
IV. CONTROL
To control the proposed soft hand at different operating
conditions, a controller platform is constructed. As the de-
signed soft actuators are pneumatic, controlling the pressure
and the duration of the input pneumatic supply is needed.
The controller platform is implemented based on the proposed
design of the soft robotics toolkit1. The architecture of our
controller board is shown in Figure 6.
The controller board consists of a pneumatic regulator
(which regulates the pressurized air to the system), a set of
solenoid valves2 (which can open and close to direct the flow
of air into the system). The valves are powered and directed
by power FET switches. As we want the hand to have as much
degree of freedom as possible, we use 20 solenoid valves in
total. Thus, each chamber of the finger can be pressurized
independently, which in turn, allow the hand to have more
postures. Two Arduinos Mega 2560 REV3 controller are used
to enable users to interface with the hardware via a serial
port connection. The board can be controlled manually (by
adjusting switches and potentiometers) or automated via a
programmed software.
The system pressure is regulated with pulse-width mod-
ulation (PWM), which basically controls the opening and
closing times of the valves, at a rate of 60 Hz through the
Arduino boards. PWM can be expressed as a technique for
getting analog results with digital means. One of the most
important terms in PWM is the duty cycle. The duty cycle is
the proportion of ’on’ time to the regular interval or ’period’
of time. Duty cycle is expressed in percent, 100% being fully
on, and 0% being fully off. By modulating the value of the
duty cycle, analog values can be achieved. For example, the
valve fully closes at 0% duty cycle, fully opens at 100% duty
cycle and opens halfway at 50% duty cycle. Thus, the fixed
regulated input pressure is set to the desired value based on
the duty cycle of the PWM signal. With this technique, the
finger can easily be controlled to a certain bending angle.
1Fluidic Control Board, https://softroboticstoolkit.com/book/control-board
2SMC-VQ110U-5M Solenoid valve,
https://www.smcpneumatics.com/VQ110U-5M.html
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Fig. 5: The fabrication process of the soft hand. Finger: (a1)-(a4) show that the main body of the HBSFs. It is made by first pouring silicone material in its
bottom mold and then press the top mold. In Step 2, the red part in (b3) is for clamping and positioning the main body. (c1)-(c4) is to fix the fibre and flex
sensor to prevent relative displacement when the finger bends. Palm part A: (d1) The molds. (d2) Pure silicone material. (d3)-(d4) Unmold. In Step 2, the
3D printer support is used to hold and ensure the thickness of the bottom surface. Palm part B: The process of making the main and bottom body is similar
with the other parts. The 2 red sticks in (g1)-(g5) are to reserve the space for air tubes and electric wire. The yellow support in (g2) works as a similar role
of the red in (b3). Hand assembly: (j1) The assembly of palm and 4 planar fingers. (j4) The final result.
Fig. 6: The architecture of the implemented controller board. For clarity, we
only show the connection scheme of the Arduino 1. The connection scheme
of the Arduino 2 is identical to that of the Arduino 1.
V. EXPERIMENTS
A. Analysis of the HBSF
The HBSFs in this paper have novel motion. They deflect
in the side-to-side axis, while the bending motion in the
grasping axis is still the main function of the soft fingers. After
pressurized, the adjacent inflated segments will generate a
mutual force, which achieve the deflection motion. In addition,
the number of segments depends on the distance b, as shown
in Figure 3(b). When the finger length is defined, larger b
leads to a less segment number. When the finger only has 1
segment, it changes back to the original paradigm of PneuFlex
actuator with two chambers. In order to analyze the influence
of the segments number on the deflection, six soft fingers
with 1, 3, 5, 7, 9, 11 segments are fabricated and tested, as
shown in Figure 7. The bending angle increases non-linearly
with the applied air pressure, with a relatively slow increase
in low pressure region and a rapid increase afterward when
the pressure reaches beyond 20 kPa. It is obvious that the
variation between the force and bending angle has a close
positive correlation. However, it is also noted that under the
same air pressure, the fingers with more segments generate a
larger bending angle and force when pressurizing both left
7Fig. 7: The analysis of the effect of the segments number on the bending and
deflection motions of the six fingers. (a) The comparison of the deflection
extent from front to back, respectively S11, S9, · · · , S1; (b) The comparison
of the bending angle from front to back, respectively S1, S3, · · · , S11. (c) The
sectional drawing of the six fingers. (f) The experimental setup for measuring
the force of the fingers while the top layer of the fingers was constrained.
Variation of the (d) bending angle and (g) generated force of fingers while
applying air pressure equally to both left and right chambers. Variation of the
(e) bending angle, (h) generated force of fingers and (i) displacement of the
fingertip while applying air pressure to single chamber.
and right chambers but generate a lower angle and force
when pressurizing single chamber. This phenomenon actually
reflects the different mechanisms of the bending and deflection
motion. The more segments means more grooves that mutually
swell during inflation working as PneuNets actuators and
less little sections that extend during inflation working as
fibre-reinforcement actuators. As shown in Figure 7(h), the
generated grasping force of the S1 finger becomes larger than
those with multi-segments, when the applied air pressure goes
from 20 to 50 kPa.
Figure 7(i) shows the deflection displacement in the side-to-
side axis. The S11 finger has significantly better performance
for deflecting up to 20 mm. Combining the experimental
results of bending angle and force, the S11 finger ranks the
second that is easily driven under double-chamber actuation
and present the minimum bending angle under single-chamber
actuation. Both characteristics are conducive to enhance the
deflection region of the HBSFs. It is also notable that the finger
will first wiggle outwards in the initial stage of the actuation
with lower air pressures and turn back when the bending angle
of the HBSFs becomes large at higher air pressure, resulting
in losing efficacy of the deflection motion and even get just
the opposite displacement. As a conclusion, we selected the
HBSF with 11 segments in our new hand.
B. Analysis of the palm
Figure 8 presents the experimental results of the soft palm.
Different from the normal fixed palm, almost all the parts
of our soft palm is deformable, which greatly increases the
diversity of the hand posture.
Figure 8(e) shows the relationship between the deformation
performance and the air pressure of the palm Part A. It
Fig. 8: The validation of palm performance on bending angle and output force.
(a,e) palm splaying; (b,c,f) palm bending with palm down and palm up; (d,g)
thumb abduction.
indicates that the splaying angle and force increase slowly
when the applied air pressure increases from 10 to 60 kPa
and then achieve a rapid increase afterward. Figure 8(a) shows
the posture of the hand under 90 kPa air pressure with a
50◦splaying angle. The air pressure should not be more than
100 kPa in order to avoid collapse.
The influence of the gravity on palm bending can be
observed in Figure 8(b) and (c). The bending angles of the
palm with down pose are obviously larger than those with
the palm up pose. The tested maximum angle of the palm
bending motion is up to 68◦and of the thumb abduction is
about 90◦. The two bending ranges can meet most of the
common grasping. Without the fibre-reinforcement, the two
actuators of the palm part B should be driven under the safe
range of air pressure less than 40 kPa. However, when the
object is grasped and in contact with the hand, the pressure
can be manually increased to enhance the reliability of the
grasping.
C. Grasping in real-world
thumb abduction.
Fig. 9: (a)-(e) present the capability of our soft hand prototype of performing
lifting a watering can (143 g) by using 2 adjacent HBSFs (f) Grasping and
lifting a chair (541 g) (g,h) Show the safely compliance in human-robot
interaction.
The deflection of the HBSFs can collaboratively work used
as a two-finger gripper to grasp and lift objects that allow
the insertion of fingers into the neck portion, as shown in
Figure 9(a)-(e). From Figure 9(b) to (c), the index and middle
8Fig. 10: Enacted grasps of the Feix taxonomy. Grasps are numbered according to the Feix taxonomy [15]. Please check the attached video for the 32 grasps,
https://irobotics.aalto.fi/wp-content/uploads/2020/09/NewSoftHandvFast576p30.mp4
HBSFs illustrate the deflection motion as illustrated in Figure
3(f). The gap between the index and middle fingers enlarges
obviously. The bending motion can be used to provide the
support force against gravity in case of the watering can.
Besides, our hand is able to firmly grasp and lift the heavy
and large-size chair in Figure 9(f). Figure 9(g) and (h) show
the safety and compliance of the soft hand in human-robot
interaction scenarios.
D. Grasp dexterity in Feix taxonomy
To test the grasping performance of our hand, we im-
plemented the grasping experiments according to the Feix
taxonomy [15], which includes 33 comprehensive grasp types.
For every cases, the pressures are adjusted to reach the desired
posture and the actuation sequences are generally follow the
principle of actuating the palm first and then driving the
fingers. The actuation of the soft palm includes the splaying
of the planar four fingers, palm bending and thumb abduction.
It help to firstly fit the shape and size of the target objects and
move the fingers in the proper position and orientation. Then
the fingers are pressurized to implement the grasping tasks.
The grasp quality is judged by moving up, down, and rotating
the hand by Franka Emika Panda robotic arm under the speed
of 40 mm/s. Furthermore, this procedure is repeated several
times to evaluate the quality of the grasp.
Fig. 10 shows snapshots of 33 grasping posture types in
Feix taxonomy [15]. Our hand failed to perform one grasping
posture out of the 33. The ventral posture numbered as 32
failed because the object (marker pen used in 32) is thin and
long, so the hand could not grasp it firmly. As the bending
9profile of the soft fingers has a circular shape, the inner
diameter of the bending fingers is larger than the diameter of
the marker pen, even by reaching a maximum bending angle.
VI. CONCLUSION
In this paper, we have successfully developed a new soft
humanoid hand capable of grasping different kinds of objects
robustly. The hand exhibits the advantages of large grasping
force, low cost, lightweight and potential applications to spe-
cial cases. The pneumatic actuation enables the quick response
of grasping in high compliance without damaging the objects.
Meanwhile, we proposed a new design of soft finger, HBSF,
and a novel soft palm with 2 parts. The functions of each
soft actuators were simulated based on FEM in SOFA. The
experimental results on the 6 fingers with different account
of segments of the HBSF show that the soft finger with 11
segments is the best choice for achieving both the bending
and deflection motions.
The main advantage of this study is that the postures of
the hand can be adjusted with the help of the soft palm, and
then we can use different configurations to realise stable and
dexterous grasping. The hand allows us to achieve 32 out of
33 grasp postures in Feix taxonomy, which demonstrates the
postural dexterity of our soft hand.
A design limitation is that the thumb abduction angle
and fingers splaying angle are limited by the silicone tensile
strength and wall thickness of the air chamber structure. And
the Flex sensors embedded in soft finger are not well used
in the controller. Future work would address the optimisation
of the soft palm to achieve that the thumb can touch to little
finger and improve the control with safety and sensing.
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